The accuracy of all underground surveying is regulated by the standards described in the 
Introduction
The Mine Surveyor in South Africa operates in an environment strictly regulated by leg- Government Gazette 27 May 2011). Mine Surveyors therefore do not only have a moral obligation to ensure the accuracy of their work but also a legal responsibility to ensure the safety of mine employees as well as those of the community (Schofield W., 2007) . The lives of mine workers depend directly on the accuracy of the survey network that controls the workings of the mine in which they work. Bannister stated that "understanding the minimum standards of accuracy that limit the accuracy of the measurement techniques is but one step to ensuring specifications are achieved" (Bannister A., 1998) .
MHSA Accuracy Standards
The MHSA regulations make clear provision for the limits of accuracy to be expected from any survey. The minimum standards of accuracy prescribed by the Mine Health and Safety Act (Chrzanowski, 1999) . According to the MHSA, a Class "A" survey will be the standard of accuracy for a primary survey network used for fixing shaft positions, underground stations and underground connections (Mine Health and Safety Act No 29 of 1996 Government Gazette 27 May 2011). The accuracy of the normal network on an underground level of a mine can be defined as a secondary survey and classified as a Class "B" network, with the allowable accuracy calculated as follows:
17(14)(b)"the minimum standard of accuracy and class of survey for the fixing of survey stations on both horizontal and vertical planes are in accordance with
The final category of survey network is a tertiary survey defined as survey networks that are extended into the production areas of a mine for measuring purposes and is defined as a Class "C" survey, with the following allowable error:
It is generally accepted in the South African mine survey industry that a "rule of thumb" of 20mm should apply to all surveys. Bals remarked that this widely accepted rule of thumb probably came about as"…an adaptation of the Class A survey standard using a 60 metre steel tape: 0.015 + (60 / 30000) gives 0.017m or 20mm for easy implementation." (Bals, 2011 ) .
Test Phase
The results of a closed loop traverse conducted in an underground tunnel at the University of Johannesburg, proved that the sidewall station method of surveying could meet the accuracy requirements of a Class "A" type survey network. This change in traditional mine survey practice has enormous potential for underground surveying because of its contribution to "zeroharm" by removing the mine survey crew from a high risk area namely the hanging wall of deep level tunnels. Apart from the risk associated with vertical rock stresses it will also eliminate the risk of working at heights as well as moving the survey setup away from the high risk centre of the tunnel where machinery is bound to travel.
In order to evaluate the accuracy and efficiency of the survey method, it was decided to test a similar network in the workings of an active mine. The assumption was made that the survey method would meet the prescribed accuracy requirements and at the same time prove to be a safer and faster method of extending an underground development survey network. The sidewall station survey method 1 would have to be properly evaluated to ascertain whether or not it can realistically be implemented on a working mine under production conditions. In order to evaluate the accuracy parameters obtained during this process it would be required to investigate the different classes of accuracy and the approved definition of each of these with reference to the types of network to which it applies. In total three case studies are discussed, investigating the methodology of network installation and then focussing on specific aspects of the network unique to each mine. A sidewall network was established in a deep level platinum mine in Rustenburg, an existing method used on a deep level goldmine on the Witwatersrand used for secondary networks and a network used in the main development of a copper mine in Phalaborwa was investigated as part of a check survey. For the purposes of the paper one of these case studies is discussed.
Case Study on a Deep Level Platinum Mine
The underground survey network in a deep level platinum mine in Rustenburg was establishing using a long baseline of 638.7m in a straight section of an underground mine haulage 2 .
The point of origin of the test baseline was surveyed using the conventional hangingwall method and the co-ordinates obtained from these observations were used to compare the accuracy of the freestation points. The hypothesis was made that if the freestation closure results was within the prescribed MHSA standards of accuracy, this method could be considered a viable alternative to the conventional hangingwall survey method.
In order to establish the first set of sidewall stations, a set of four wall stations were installed at a convenient distance from the instrument and co-ordinated using a single observation to determine distance and direction. The sidewall station positions were configured to be on the grade line and in pairs, within approximately 10m of each other. This configuration replicates the standard grade-peg layout used to control the vertical positioning of a tunnel.
Description of the Observation Methodology
As with the sidewall station experiment at the University campus, survey stations were surveyed from the existing hangingwall control network. In order to check on the progress of the accuracy of the freestation method the target at the termination point (X17354) was observed from each consecutive freestation setup and compared to the conventional hangingwall traverse co-ordinates of the point X17354. Each freestation was indicated by a RS prefix in the observation file of the instrument. In this manner sidewall stations were installed from the new freestation points up to a point where the last set of wall stations were installed around the foresight point X17354.
The time duration for peg installation during the initial phase of learning the method was 28 minutes on average for each setup. The speed of installation improved to 13 minutes once the crew had become familiar with the process and a manageable method of communication was agreed upon. The average duration of observation of points already installed averaged nine minutes. Time saving in the setting up of the instrument (levelling and centring), orientation, installation and observation of new sidewall stations was gained by not needing to use a ladder at the station, backsight and foresight positions.
Method of Evaluating the Accuracy of the Sidewall Survey Stations
In order to evaluate the accuracy of the sidewall stations, the final results of the last resection RS10 was compared with the co-ordinate of the foresight point X17354 obtained from the original survey. For the purpose of this evaluation, it was argued that the one long baseline would determine the final foresight point with greater accuracy than from a number of short traverses, which could introduce additional errors. At the final freestation setup, the instrument was set-up directly under the closure point and resurveyed by freestation.
Sidewall Station Network Results
The solution of final co-ordinates of the freestation position of the hangingwall survey station were calculated using the on-board resection software of the instrument 3 . The "freestation" software calculates the provisional co-ordinates, using each possible unique solution including the individual triangles, every combination of resection points and finally, a Helmert transformation. The results with the smallest number of observed minus calculated values are used to calculate the median of the values which in turn will provide the final result for the freestation position (Zimmerman, 1996) .
The position of point RS10 was determined from the last set of sidewall stations installed around the hangingwall station X17354 for this purpose. A table of the original-and freestation co-ordinates are listed in Table 1 . The term "estimated" indicates a point surveyed by freestation and the term "measured" indicates a point determined by traverse. 
Closure Obtained at the Breakthrough Point
The distance of tunnel surveyed, from peg X151915 to peg X17354, using the freestation method was determined to be 638.679m. Using the formula for minimum standards of accuracy required by the MHSA, the following parameters were calculated in Table 2 . Table 2 . Calculated minimum standard of accuracy for the survey
The minimum standard of accuracy between the provisional and final co-ordinate of a survey station is defined as the vector distance calculated from the difference in the Y coordinate and the X co-ordinate, where "s" is the distance of the total traverse from the starting survey station to the "closure" survey station in the following manner: Vector = Error y x    haulage will be used for the determination of the position relative to a boundary and the establishment of connections, the standard of accuracy of the network should rather be upgraded to a Class "A".
During the test phase of the project it was found that the instrument software could not cope with the inverted instrument and target heights normally used in conventional hangingwall surveying. This problem was overcome by ignoring both the signs of the instrument and target heights in order to provide correct elevation results. The closure on elevation, although not as good as on the horizontal plane, was still within the prescribed minimum standards of accuracy. The bearing error calculated from a join between the original point and the resected point was compared to the baseline direction and listed in Table 4 .
Table 4. Bearing error comparison
It is standard practice on mines to check the direction of a survey network every 500 -1000m using a gyroscope. The data obtained from this test indicates that with sufficient reference objects and careful observations, bearing error propagation can be controlled.
The Two-point Freestation Method
Upon completion of the four sidewall station method over a distance of 630m, the direction of the survey was reversed and a quick method using only two reference points as described in the Australian context (Jaroz & Shepard, 2004) were used. The "Australian method" using only two reference points as described by Jarozand Shepard (Jaroz & Shepard, 2004 ) was used to make a closure on the origin point of the hangingwall baseline. A comparison of the sidewall station co-ordinates surveyed initially and resurveyed using the two-point method was made.
The results of the points resurveyed as well as the closure is listed in Table 5 . From the results it can be seen that a Class "A" closure could be possible for distances up to 180m before the accuracy starts deteriorating to a Class "C" type survey. 
A Comparison Between the Two Methods
The bearing error calculated from a join between the RS10 the freestation point located at the position of survey station X17354, and the last resected point located at X15915, was compared to the baseline direction and listed in Table 6 . Table 6 . Closure error
The MHSA states that an error of 2 minutes of arc between consecutive stations is required after a check survey has been completed. Using the bearing error and distance between the two points, a closure error of 0.139m could be expected over the distance. This expected closure distance compares well to the 0.109 calculated error vector obtained from the observations and provides evidence that the error propagation in bearing has a larger impact during sidewall station surveying. The final closure of the two-point survey method was found not to be within the prescribed minimum standard of accuracy. Due to the North-South orientation of the tunnel, it seems that the error in bearing increased far more rapidly than the error in distance. It is suggested that the error propagation of the survey is as a result of the increased distance as well as the reduced number of observed points. For a distance less than 180m, the two-point method of surveying will meet the accuracy of a Class "A" survey after which the accuracy deteriorates rapidly. The method is sufficient for "working" surveys used to establish control in a tunnel and volumetric determinations, but such a network will need to be strengthened by additional control points and observations during follow-up surveys before it would be acceptable for use as a primary network. Table 7 compares the bearing and horizontal distance results obtained from the two methods: 
Advantages of the Sidewall Station Method
The freestation method of surveying requires no measurements of instrument-or target heights as a zero constant is used. This prevents a number of observation errors commonly encountered during conventional traversing. The use of four instead of one reference object increases redundancy in the observations made. Combinations of reference points can be used in order to improve the robustness of the network. The freestation method removes any error introduced by centring under a hangingwall station that can be introduced by high ventilation flow and operator error. The sidewall station reduces the risk of exposure to working at heights and being in contact with the hangingwall of the excavation. This makes the need for elevating equipment redundant and has the benefit of increasing the speed of set-up and peg installation, while at the same time providing more options for peg placement and instrument positioning.
Disadvantages of the Sidewall Station Method
Any error in freestation positions will be transferred and perpetuated by the installation of new sidewall stations installed from this setup and lead to error propagation. Incorrect identification of points may still provide a "fix" but will be incorrect. Should the surveyor incorrectly sighting or measure points that are in the same line of sight an incorrect fix may be obtained.
Suggestions and Recommendations for Using the Sidewall Station Method
Most of the disadvantages mentioned can be overcome if the instrument used is equipped with automatic target recognition (ATR) software. It is strongly recommended that the freestation software used must include the allowance for face left and face right readings combined with measuring the distance in each face. The correct numbering and identification of pegs are crucial to this method of surveying, it would therefore be advised that the surveyor personally oversees the installation and numbering process. The use of a skilled survey crew is essential to the success of this method of surveying.
When using the sidewall station method it is recommended that the maximum distance before a check survey is completed should be around 750m, when bearing checks by gyroscope must be made in order to prevent bearing error propagation. In addition closures between networks on different levels or sections should be made wherever possible.
The use of the correct prism constant must be rigorously enforced and any new prisms should be verified before being used in the network. At the same time it is critical that the survey crew understands that the co-ordinates of sidewall stations are "pseudo" positions dictated by the size of the prism and the offset of the prism centre which is at an offset from the true sidewall position, rather than the position of the survey plug itself. That implies that any changes to the survey "hardware" including prisms, stems and attachment points must be carefully considered before implementing.
Conclusion
From the results obtained in this "real-world" study in can be concluded that the sidewall station method used for the establishment of a primary survey network is plausible under certain circumstances. All three case studies provided proof that the sidewall station method can provide good comparative results with the conventional hangingwall survey method. It is clear that certain parameters of geometry and observation protocol must be adhered to in order to obtain accuracies that will meet the prescribed minimum standards of accuracies for a Class "A" survey. It has been found that the method provides a saving in time and offers a reduced risk exposure profile to the survey crews. Although time and safety considerations may be considered as trivial, the impact of these findings on the safety and efficiency on the mine surveyor is of significant importance. It follows that the four-point sidewall survey station provides more accurate results with less error propagation than the results obtained from a twopoint setup method and can therefore provide a safe and accurate alternative to conventional mine surveying techniques.
